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PHYSICAL  CHFMISTRY  OF  FXOTHFRMTO  CAS-AFROSOL  CALORIMETRY 


1 .  rNTROrUC^ION 

Infrared  radiation  xn  the  atmosphere  above  normal  background  ieveis  can 
be  produced  m  a  variety  of  ways.  For  example,  combustion  gases^  can  produce 
significant  amounts  of  radiation  m  the  infrared  region  pm).  However, 

tne  total  mass  of  material,  and  thus  the  radiant  emittanee,  is  small.  In 
addition,  the  gas  cloud  rapidly  cools  and  disperses.  Tn  order  to 
significantly  increase  the  amount  of  airborne  material,  an  aerosol  must  be 
employed . 

At  ambient  temperatures  ( 2*)0C.)  the  maximum  of  the  blackbody  emission 
curve  is  at  about  10^0  cm“^  (9.7  pm),  which  means  that  a  few  decrees  increase 
m  temperature  will  produce  an  increase  in  spectral  radiance  on  the  other  of 
at  5-10  m m.  A  highly  conducting  and  absorbing  substance  may  approximate  a 
biackbody,  but  most  real  aerosol  particles  will  at  best  be  "grey"  bodies  with 
perhaps  some  superimposed  structure  (selectivity),  The  (equilibrium)  thermal 
emittanee  of  an  aerosol  particle  will  therefore  be  less  than  that  of  a 
blackbody  at  the  same  temperature,  according  to  Kirchoff's  Law.  A  second  and 
more  selective  method  could  involve  the  production  of  infrared  fluorescence. 
This  would  have  the  advantage  of  being  selective  as  to  wavelength  range  and 
would  thus  also  require  much  less  total  energy  input. 

Tn  order  to  accomplish  the  desired  goal,  an  exothermic  chemical  reaction 
must  be  employed  to  raise  the  temperature  of  the  aerosol  particle  above 
ambient.  This  reaction  must  ultimately  involve  either  the  reaction  of  a  gas 
with  the  aerosol  or  the  simultaneous  generation  of  a  very  highly  disperse  co¬ 
aerosol  which  will  rapidly  coagulate  with  the  coarser  aerosol  and  react,  ^his 
is  technically  more  difficult,  and  there  would  always  be  the  problem  of  the 


nipn  ly  disperse  aerosol  roa^j  i  a  t.  A  np  with  itself.  Tn  th*^  former  can**,  thp  pa^ 
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rou.d  b*-*  p^n^rat^d  an  a  vif(1n:. *>•  -niTiUi***  • 

A  ,/irr  number  of  onomAoni  reaction  studios  nnvo  boon  performed  on  th» 
jppor  ond  i  >  r  tne  partxCAp  .qA7,p  spectrum  with  repard  to  the  combustion  of  fueA 
ppra vn  and  dust  clouds.'  ^noso  invnA vp  particles  A  tno  s>  u po r-mxcron  ranpo 

,,m'. .  f'ncnucal  rnnoUona  responsible  for  rie  te  ropeneous  nucleation  nave 
nlso  boon  Anves txpa ted , and  tne  partiolo  aiZPa  here  are  below  0.1  pm. 
however,  or.ro-  arroao.p  are  produced  eitner  dv  nucleation  and  prowth  in  the 
atmospnere  or  by  nebulization  followod  by  settimp  and  ooapula lion ,  most  of 
t n o p p  a r n A o v o  a  relatively  stable  existence  in  t ho  0.1-10  gm  ranpe  as  smokos, 
fops  Pto.h”'  These  systems  are  polyd isperse ,  with  number  densities  penerally 
ess  tran  I07cm~  .  Nonetheless,  there  have  been  relatively  few  studies  of  the 
reactions  of  pases  witn  aerosol  particles  in  this  size  repime. 

Tn  princxp^e,  the  reaction  rate  may  be  controlled  by  pas  phase  diffusion 
of  reactants  and/or  products  in  the  particle,  by  the  bulk  chemical  reaction, 

p 

or  by  processes  occurring  m  the  droplet  interface  rep^on.  Oadle  and  Robbins 
have  developed  equations  for  some  limit^np  cases  and  applied  them  to  the 
reaction  of  ammonia  With  sulfuric  acxd  aerosols  in  the  0.2-0. 9  pm  ranpe  and 
to  the  reaction  of  NOp  with  a  sodium  chloride  aerosol.  Tn  the  former  case,  it 
was  suppestad  that  the  rates  m  concentrated  HpSO^  droplets  were  controlled  by 
diffusion  of  reaction  product  in  the  particle.  In  dilute  HpSO^  droplets,  the 

rate  was  too  fast  to  measure  on  their  apparatus,  and  it  was  presumed  that  the 

p  q 

rate  was  controlled  by  pas  phase  diffusion.  * 

^nere  nave  also  been  a  number  of  studies  of  the  metal-ca talized  oxidation 
of  SOp  in  aqueous  aerosols.  Johnstone  and  Couphanour, ^  usinp  a  suspended 
S00-1000  pm  drop  concluded  that  the  reaction  was  liquid  phase  controlled  with 


all  of  the  reaction  occurring  in  the  outer  shell  at  hiph  manpanese 


■or'^nt. rn t^on .  At  lower  catalyst  conoantration,  the  SOp  penetrated  to  the 

of  tne  drop.  The  oxidation  of  TO ?  xn  100-1000  u  aqueous  ammonia  drops 
w.'*o  viro  controlled  by  liquid  phase  diffusion. ^  However,  ex trapola tion  of 
*  r.*'  manganese  catalyzed  oxidation  rates  in  the  supanrueron  drop  to  an 

a ttroarher Ac  f og  o**  ?Opm  droplets  predicted  a  rate  SO 0  times  than  that 

,  1  ? 

or served. 

Pecaupe  of  the  importance  of  atmospheric  reactions,1^  studies  have 
focused  on  water  droplets  and  reactions  involving  S0^f  NOpt  NHx*  HpSO^  flnc* 
various  metal  salts.  Tn  these  cases,  the  complex  reactions  are  generally  also 
accompanied  by  droplet  growth.  This  is  not  the  case  in  the  well-controlled 
reaction  of  submicron  sized  1-octedecene  droplets  with  bromine  gas.1^ 

Although,  this  reaction  is  slow  and  not  highly  exothermic.  Nonetheless,  these 
studies  do  indicate  that  it  should  be  possible  to  produce  thermal  emission  as 
a  result  of  a  gas-aerosol  reaction. 

"he  objective  of  this  work  was  to  investigate  by  means  of  exothermic 
reactions  between  aerosols  and  reactant  gases  the  production  of  infrared 
radiation  above  normal  background  levels,  ^he  first  stages  of  this 
investigation  involved  an  examination  of  the  feasibility  of  observing  such 
infrared  emission  by  examining  a  number  of  candidate  (model^  gas-aerosol 
systems.  The  reaction  of  a  chlorosulfonic  acid  aerosol  with  ammonia /water 
vapor  as  the  reactant  gas  was  found  to  give  reasonable  emission  levels,  and 
was  used  for  a  confirmation  of  the  feasibility  studies.  This  work  is 
described  in  the  proceedings  of  the  Chemical  Systems  Laboratory  (CSL) 

Conference  on  Obscuration  and  Aerosol  Research  ( 1 979  and  1080),  and  summarised 

IP-17 

i.n  a  final  report  to  the  US  Army  Research  Office.  y 

Tn  the  second  stage,  a  more  quantitative  study  of  gas-aerosol  reactions 

was  initiated,  and  experimental  methods  were  further  developed,  ^emperature- 
distance  and  radiant  emittance-temperature  profiles  were  obtained,  and  a  new 


f  .J 


monori  isperse  aerosol  generator  was  designed.  ^hia  is  described  and  summarized 

in  the  proceedings  of  the  1981  OSL  Conference  on  Obscuration  and  Aerosol 

IP  IQ  PO 

Research,  a  tecnnical  report,  and  journal  article. 

We  report  here  on  the  operating  charac teristics  of  the  monodiaperse 

aerosol  generator,  the  design  of  a  flow  system  for  kinetic  studies,  and  the 

determination  of  the  spectral  distribution  of  the  infrared  radiation  emitted 

from  the  reaction  of  chlorosulfonic  acid  aerosol  with  and  water  vapor. 


2.  AEROSOL  GFNFRATOR 

A  schematic  of  the  apparatus  is  shown  in  Figure  1.  Helium  carrier  gas 
produces  NaCl  nuclei  in  the  furnace  (fl^,  and  this  gas  stream  is  then  used  to 
atomize  the  liquid  in  the  nebulizer  (E).  The  concentration  of  nuclei  may  be 
controlled  by  both  the  flow  rate  and  the  length  of  tubing  between  the  furnace 
and  nebulizer.  The  syringe  pump  is  adjusted  to  maintain  a  constant  level  of 
liquid  in  the  nebulizer  to  provide  a  constant  output  rate.  The  total  amount 
of  liquid  in  the  nebulizer  is  about  10ml,  and  a  syringe  of  any  convenient  size 
may  be  employed.  Typically,  10ml  of  liquid  will  provide  about  two  hours  of 
continuous  operation.  mhe  polydisperse  aerosol  entering  the  heated  zone  (H) 
is  vaporized,  and  part  of  this  vapor  is  recondensed  on  the  salt  nuclei  in  the 
air  and  water  cooled  chimney  sections  (J  and  K).  The  homogeneous 
(monodisperse)  aerosol  emerges  from  the  outlet  (L).  Once  the  furnace  and 
evaporator  are  at  temperature,  the  colors  of  Higher  Order  Tyndall  Spectra 
(HOTS)  are  observed  within  a  few  minutes  of  turning  on  the  carrier  gas  supply 
(maintained  at  20  psi  guage).  T^e  aerosol  output  stabilizes  within  ten 
minutes. 

The  entrance  chamber  (G^  is  2  cm  inside  diameter  (I. TO  and  14  cm  long. 
The  tube  from  the  nebulizer  enters  about  midpoint.  This  tube  connects  via  a 
24/40  standard  taper  to  the  evaporator  (H^  and  air  cooled  chimney  (J^  which  is 


* 'M: 
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n  single  tube  of  I-*'  cm  T.B.  and  cm  long.  A  length  of  2C>  f'm  wrapped  with 
nesting  tape  is  the  evaporator  section  ( H  ^ .  ^ne  water  cooled  condensor  is 

20  cm  ion?  witn  a  1.2  cm  T.T\,  and  connects  to  via  a  20/40  jOi.ru.  ^ne 

outlet  *s  a  reduction  fitting  wn±ch  necks  down  witr.i.n  7  cm  to  a  0,c  cm 

T.T.  tube  from  whirn  the  aerosol  emergen. 

Tne  nobUiiZpr  output  increases  slightly  with  increasing  flow  rate  ( t  S 
l/min'',  aithougn  the  mass  concen t ra t ion  was  a pproxima tely  constant  at  2.S  ♦ 
0-n1  x  10  1  g/ L  (n^<t  of  this  is  lost  m  the  entrance  chamber''.  The 
po^yd ^sperse  aerosol  entering  the  heated  zone  is  completely  vaporized  at  1  2B°f 
as  evidenced  by  the  lack  of  botn  wall  condensate  and  any  visible  aerosol  for 
about  2-^  cm  above  the  heating  tape.  Most  of  the  remaining  2R*  represented  by 
this  vapor  is  lost  be  condensing  on  the  walls  of  the  cooling  chimney,  and  only 
about  1*  emerges  as  homogeneous  aerosol.  mhe  evaporation  temperature  does  not 
appear  to  be  too  critical  as  long  as  it  is  above  some  critical  value.  ^or 
example,  at  a  flow  rate  and  furnace  temperature  of  ^.^1/min  and  ^90°n» 
respectively,  essentially  the  same  polarization  ratio  curves  were  obtained  for 
evaporator  temperatures  of  100°,  1?S°,  and  1R0°r.  However,  at  r7S°P, 
appreciable  polyd ispersx ty  was  evident. 

A  number  of  experiments  were  carried  out  under  a  fixed  set  of  conditions 
in  order  to  test  the  stability  and  reproducibility  of  the  generator.  By 
stability,  we  mean  the  uniformity  of  the  particle  radius  as  measured  over  a 
given  period  of  steady  operation  of  the  generator,  usually  from  several  nours 
a  day.  The  stability  is  illustrated  by  the  the  results  in  ^able  1  obtained 
over  a  period  of  ^  hours.  Tnese  have  been  selected  from  among  scores  of 
similar  results  as  being  typical  of  the  performance  of  the  generator,  ^he 
mean  radius  is  0.62R  pm  with  a  relative  standard  deviation  of  0.4*.  By 
reproducibility  we  mean  uniformity  of  the  particle  size  under  the  same 
operating  conditions  on  different  days  or  on  the  ssme  day,  with  an  intervening 


ppr*od  wnori  tru*  p»'rnTfli*ir  war  tn^r  nir.it  down  or  op^rat^d  und^r  d 4  ffri  r°n t 


rond  * !  ions.  m  n  ♦'  data  ,'i  '"«tktr  Pt  t.nkon  ov^r  a  four  montn  pprAodt 
i  f  -.fpp  ;.n  and  a  r*'  i  a  t » rtandnrd  dov.fltiwn  of  1  . 


Table  1.  Aerosol  Generator  Stability  Under  Continuous  Operation  at  a  Furnace 
Temperature  590^0,  Evaporator  Temperature  125^C,  ard  Helium  Flow  Rate  of  3.3 

Liters  Per  Minutes 


pun 

^imo 

Radius  f  um'' 

rr' 

n.  £i  £ 

•7 

•70 

P.6?c 

IP 

op 

p.6*o 

1C 

t  tn 

n. 

IP 

MO 

n.£?p 

ps 

1  so 

O.  62Q 

|  Not**:  ^hp  radii  were  dptemuned  from  lipht  scattprin^  mpagurempnts  by  thp 

.  *i  polarization  ratio  method  at  two  wavplpn^ths. 


Table  2. 

Aerosol  Generator  Reproducibility  (Vide  Text) 

Pun 

Time 

Radius  ( 

h 

70  min. 

a.  r?  o 

0 

7  hours 

15 

6  hours 

n.6is 

26 

hours 

o.6^s 

26 

0.  £40 

2  days 

0.619 

n.tpp 

48 

8  days 

n.f,*p 

4Q 

o  .fi-xo 

60 

20  days 

0.64  n 

61 

0.6^0 

72 

2  months 

0.610 

77 

0.61Q 

as 

4  months 

0.6^4 

86 

0.62P 

Note:  Same  conditions  as  m  Table  t. 

The  effect  of  flow  rate  on  radius  number  concentration  is  shown  in 

figures  2  and  The  radius  decreases  with  increasing  jven  temperature  and 

increasing  flow  rate  due  to  an  increase  m  nuclei  concentration  and  possibly  a 

bit  less  mass  transfer  in  the  evaporator  and  a  bit  more  condensation  loss  in 

21 

the  chimney.  This  type  of  behavior  has  been  observed  in  other  generators. 
Since  the  number  concentra tion  increases  linearly  with  flow  rate  and  the  mass 
concentration  does  not  vary  greatly  (1.5  ♦  2.5  j  10"*  g/'L'l  the  nuclei 
concentration  is  roughly  proportional  to  the  flow  rate. 
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net  tne  part rad  run  ,n  thin  r°n°rn  tor  docs  An  fact  depend  on  tne 


»'x  terns 

1  nuc .e  * 

■  ■oncpn  t 

ration  »:’• 

nnown 

by 

the  data  An  '"able  7 . 

V  a  rv  *  r  g 

.  o  n  g  t  n  r> 

r:f  "'vgon 

tub i rg 

were  Anse 

1  r  ted 

pet 

ween  tne  furnace  and 

tne  per  Ter  to 

remove 

tne  nuc  Ip 

*  by  di 

ff;iRi.on  t  c 

)  the 

wn . 

1  thus  decreasing  t r* 

•a  r 

. '  n  e  n : 

ra linn. 

Ap  eype 

ctpd,  tn«* 

d  rup4 

o 

radius  .  r  <•  r.-ar*’:* . 

Table  3.  Effect  of  Decreasing  Nuclei  Concentration  (Increasing  Tubing  Length)  On 
Particle  Radius  at  a  Furnace  Temperature  725  C,  Evaporator 
Temperature  125  C,  Helium  Flow  Rate  3.3  Liters  Per 


Minute  (Vide 

Text ) 

H  u  n 

Lengtr 

Radius  of  particle 

1  po 

P .  r,0 

0,  504 

1  21 

c 

c 

rx 

0.5  00 

i  ;>p 

P.no 

0.505 

1 

P.O0 

0.501 

1  *c 

#  c;o 

0.547 

<  ’I 

7.50 

0.545 

1  V 

7.50 

0.540 

1  *5 

15.00 

0.570 

IV- 

15.0 0 

0.5^6 

1  **7 

15,00 

0 .52* 

1  40 

70.00 

0.704 

Ml 

70.00 

0.710 

142 

70.00 

0.707 

It  may  also 

be  mentioned  that  we  have 

also 

successfully  generated 

monod^sperse  aerosols  of  sulfuric  acid  and  chlorosulfonic  acid  in  this 
generator.  All  the  components  are  glass,  and  the  only  change  is  the 
replacement  of  Tygon  with  flexible  ^eflon  tubing. 


rare 
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Vr^  ''is-^'nopr  .  x  3pripn  ?000  light  sm  t tering  photometer  was  employed  for 
r<’M*arAnp  the  scattered  light  intensity.  mhe  aerosol  was  flowed  through  a 

po 

snru.ar  to  that  described  by  Mati.i ovirf  Kitsni,  and  Kerker.  The  only 
r"  >  1  * r *rn  tion  wn?  the  addition  of  a  sheathing  gas  ^  nitroppn^  flow  of  ?.  1  l/min 
nruund  ’-ho  *nlet  tube  to  improve  columnation  and  stability  of  the  aerosol 
stream.  The  standard  slit  in  front  of  the  photomultiplier  was  replaced  by  a 
circular  aperature  of  1  mm  diameter  m  order  to  minimize  the  solid  angle 
subtended  by  the  pno tomui t ipi Aer.  mhe  internal  surfaces  of  the  cell  were 
painted  black  to  reduce  reflections  and  stray  light.  Signals  corresponding  to 
me  intensities  of  tne  vertically  and  horizontally  polarized  components  of  the 
scattered  light  were  measured  at  ?°  intervals  between  SO0  to  130°.  ^he  436- 
and  646—  nm  lines  of  the  mercury  lamp  were  employed  for  all  of  the 
measu rements .  A  background  correction,  taken  with  no  aerosol  flowing,  was 
applied  to  the  scattering  measurements.  After  a  set  of  background  and  sample 
intensities  were  obtained  as  a  function  of  angle,  the  set  was  repeated  to 
ensure  constancy  of  the  aerosol  concentration  and  flow  pattern.  No 
polarization  of  the  mercury  light  source  was  detected  at  any  scattering  angle. 

4.  MICROSCOPE  MEASUREMENTS 

Tne  aerosol  was  diluted  by  a  factor  of  about  *600  and  allowed  to  impinge 
on  a  ^leaned  glass  microscope  slide  from  a  tube  of  0.^  cm  T.p.  "he  slide  was 
examined  under  a  PFTCHERT  Light  Microscope  model  number  V4*8?  at  a 
magnification  of  I^OOX.  A  photograph  is  shown  in  Figure  4.  ^he  drops  are 
somewhat  distorted  from  collision  with  the  slide.  However,  measuring  both  the 
major  and  minor  axis  of  each  drop  yields  a  mean  radius  of  0.66  urn.  which,  may 
be  compared  with  a  modal  radius  of  0.6*A  pm  from  the  light  scattering 
measurements  (vida  infra). 


S  MAS?  CONCENTRATIONS 


The  mass  concentrations  reported  here  were  all  obtained  by  allowing  the 
neropol  strain  to  pass  tnrougn  pm  imlipore  filters,  1  xnch  in  diameter,  in 

teflon  nolders.  Aerosol  was  collected  for  IS  minutes,  and  the  filter 
assemblies  wcigncd  on  a  f ^ve-place  Mettler  balance,  model  H1p.  The  nebulizer 
rate  was  obtained  by  wpigrung  the  nebulizer  operating  by  itself.  Tne  flow 
rates  were  measured  by  means  of  ACF  Class  T neorpo ra ted ,  Vineland,  NJ  Model 
^74S1  rotameters  using  glass  floats. 

6.  INFRARKT  KM  I SSI ON 

The  spectral  distribution  of  the  mfrsred  (JR)  emission  from  the  gas- 
aerosol  reaction  has  been  determined  employing  the  experimental  apparatus 
shown  m  Figure  5-  The  reacting  aerosol  stream  from  the  reaction  tube  passes 
m  front  of  a  remote  chopper  placed  m  front  of  the  monochoma tor,  Since  only 
chopped  radiation  is  detected  by  the  pyroelectric  radiometer,  this  eliminates 
emission  from  the  monochromator  itself,  which  has  been  found  to  constitute  a 
significant  background  interference.  Using  this  arrangement,  a  perfectly  flat 
baseline  is  obtained  over  the  wave  length  range  examined  to  date  (2- 1*>  pm). 
The  function  of  the  concave  mirror  is  to  focus  as  much  of  the  emitted  TR 
radiation  as  possible  on  the  entrance  slit  of  the  monochroma  tor.  Low 
intensity,  resulting  m  low  signal  to  noise,  is  a  significant  problem. 
Operating  withwide-open  elite,  the  bandpass  is  1.6  pm.  We  have  examined  the 
effect  of  decreasing  the  slit  width  down  to  a  bandpass  of  0.^2  un.  mhe  half 
width  of  the  emission  bands  narrow,  but  the  band  maximum  are  unaffected. 
Therefore,  in  the  present  study  all  spectra  were  obtained  at  low  resolution. 

For  reference  purposes,  spectra  were  also  obtained  by  fixing  a  graphite 
rod  in  place  of  the  aerosol  stream.  The  rod  was  bored  out,  and  a  resistance 
heater  inserted,  ^he  surface  temperature  of  the  rod  was  measured  by  means  of 


n  flat  thermistor.  This  arrangement  was  used  in  order  to  provide  a  heated 
^approximate)  blackbody  source  of  the  same  geometry  as  the  aerosol  stream.  As 
a  second  reference f  a  flat  plate  target  was  positioned  in  place  of  the  mirror, 
^rus  was  a  blackened  metal  plate  through  which  water  was  circulated  to  control 
tnc  temperature. 

A  spectrum  of  the  IR  emission  from  the  reaction  of  a  chlorosulfonic  acid 
aerosol  with  gaseous  ammonia  and  water  is  shown  in  Figure  6.  The  two 
reference  spectra  are  also  shown.  These  spectra  have  not  been  corrected  for 
the  monochroator  response  ( the  grating  is  blazed  at  P  p).  The  reference 
spectra  are  blackbodw.es  at  least  to  the  extent  that  the  maxima  obey  the  Wien 
displacement  law.  The  emission  spectrum  from  the  gas-aerosol  reaction  is  seen 
to  consist  of  two  principal  bands  centered  at  about  It  and  M  p  .  The  nominal 
temperature  of  the  reacting  aerosol  stream  aa  measured  by  a  thermistor  is 
^2°C,  the  sae  as  that  of  the  reference  targets.  This  'nominal*  temperature 
however  is  not  necessarily  either  the  drop  or  gas  temperature.  The  total 
intensity  emitted  by  the  reaction  is  about  of  that  emitted  by  the  graphite 
rod . 

It  is  immediately  evident  that  the  aerosol  is  not  emitting  as  a 
blackbody.  It  may  also  be  noted  that  the  emission  should  be  coming  from  the 
aerosol  particle  since  nitrogen  does  not  emit  here.  There  is  of  course  some 
water  vapor  and  ammonia  gas  also  present  at  lower  concentration.  Water  vapor 
does  not  have  any  major  absorption  bands  in  the  11-13  pm  region,  while 
does  have  a  maximum  at  about  10. 5  pm.  Therefore,  it  seems  unlikely  that  the 
observed  1  pm  emission  is  due  to  heat  transferred  to  gas. 


A n  i rip  from  the  rnrrAf*r  nnd  rear  tan  t  gases,  wna  t  possible  materials  m ay  dp 
present  durinp  the  rourno  of  :.hp  roj'c^un”  rome  of  the  poss  1  b l  1 i t±en  'c< 
dp  low. 


rubs  ipdpp 


Pnese 


™Ar* 


W4Hr04 


Tuq  iAd  in  rear*  ted  fif’ono^ 

VV^'\  solid  ( aerosol  ^  or  solution  f  aerosol'* 

solid  (aerosol^  or  solution  (aerosol'* 

NV^HrO^  solid  (aerosol^  or  solution  (aerosol* 

1.4.nu id  ^aerosol ^ 

I'f-7  gas  or  solution  (aerosol'* 

It  is  also  conceivable  that  species  such  as  NH^CISO^  can  exist  for  short 
periods  the  aerosol  part^c^e.  An  important  question  that  we  then  wish  to 
answer  4.s  tne  source  of  the  observed  emission.  In  Figures  7  and  P  is  shown 
tne  emission  spectru  of  thermally  heated  samples  of  NH^ri,  and 

mhe  solid  salts  were  pressed  into  KFr  discs  and  placed  in  a  heated 
cell  nolder  j>n  front  of  the  chopper.  The  liquid  CTSO^H  was  placed  between 
quartz  plates  m  the  same  cell  holder.  Appropriate  background  corrections  for 
KPr  and  quartz  were  ade,  all  at  FO°C.  In  addition,  a  PTSO^H  aerosol  was 
tnermally  heated  to  50°C  by  passing  it  through  a  hot  tube.  As  shown  in  Figure 
P,  Doth  the  nested  bulk  and  aerosol  CISO^H  gave  the  same  exssion  spectra.  In 
all  cases,  tne  observed  emission  maxima  correspond  to  the  absorption  maxima  in 


tne  IK  spectra  of  these  substances.  Of  the  three  materials  examined  thus  far, 
only  CISO^H  has  a  band  at  11pm  and  none  have  a  band  at  1^P». 

What  is  perhaps  more  important  to  note  is  that  no  other  emission  bands  in 
tne  P-1S  pm  region  are  observed  from  the  gas-aerosol  reaction,  while  all 
bands  are  observed  from  thermally  heated  samples,  therefore,  one  possibility 
i.s  that  the  It  and  1  ^  um  bands  are  from  a  subatance  (or  substances^  which 
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nnvo  no  other  bands  nt  wavelengths  shorter  than  11  um.  A  second  And  ouite 
■  i*np  possibility  is  that  non-equilibrium  omission  is  be^g  observed. 

'"r.+  r  moans  that  some  ^rutial  stage  of  the  reaction  leads  to  the  population  of 
t  particular  noral  mode  of  a  product,  reactant  or  Adduct,  which  then  directly 
em*ts  rntner  than  distributing  the  vibretionnl  excitation  to  other  modes  or  to 
trie  lattice  in  effect,  TP  chei luminescence^ .  At  this  point, 

"non* luminescence  is  stxll  speculation  and  further  studies  will  have  to  be 
performed  to  answer  tn is  question. 

r\  PFACr"T ON  KTNFTICS 

We  are  designing  a  system  m  which  to  examine  the  kinetics  of  the 
reaction  between  the  gas  and  the  aerosol.  Monodisperse  aerosols  will  be 
employed,  and  rate  studies  performed  as  a  function  of  droplet  diameter  and 
reactant  gas  concent ra tion.  The  first  reaction  which  will  be  examined  is  that 
between  gaseous  NF^  and  sulfuric  acid  aerosol.  This  system  has  been  chosen 

p 

since  it  has  been  previously  examined.  Tn  addition,  it  has  also  been  shown 

1  t 

to  produce  TP  emission  and  is  chemically  simpler  than  the  PTSO^H  system. 
mhis  apparatus  will  also  be  used  subsequently  to  examine  the  CTSO-^H  aerosol 
reaction.  The  basic  idea  is  to  react  the  aerosol  and  gas  for  specified 
lengths  of  time  determined  by  the  flow  rate  and  reaction  tube  length  and 
diameter.  Tne  gas  is  then  separated  from  the  aerosol  using  molecular  sieves, 
and  the  aerosol  collected  and  analyzed  ( Figure  P). 

The  generator  used  for  producing  monodispersed  aerosol  has  already  been 
discussed  above.  The  aerosol  generator  employed  in  this  study  produces 
monod *spersed  aerosol  at  flow  rates  between  2^7  cm^  sec.*1.  The  mean  diameter 
of  the  aerosol  is  about  1.0  um,  which  is  determined  on  a  Price-Phoenix  light 
scattering  photometer  by  measuring  the  polarization  ratio.  Using  the  above 
aerosol  diameter,  the  number  concentration  is  1.2  x  10**em~\ 
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’’’he  irux^r  constructed  of  glass  ^Pipurp  10^.  On  opposite 

at  tne  rounded  end  of  a  cylindrical  ceil,  10  mm  m  diameter  and  *^0  mm 
iunp,  are  two  oTif if'f'P  w.th  1.rt-mm  upon ings.  At  the  outlet  of  the  pas-aerosol 
mixer  is  a  14/PO  ground  plans  female  fitting  to  accomodate  the  10  mm  diameter 
rear t  ..on  columns.  Anotner  rruxer  *.s  also  constructed  wit n  the  same  type  of 
design  and  i.8-mm  orifices.  However,  tne  diameter  of  the  latter  design  is 
increased  to  PO  mm  and  tne  pround  plans  fittinp  increased  to  P4/40  to  couple 
wun  tne  pO-mm  diameter  reaction  columns.  mhe  1.8-mm  orifices  accelerates  the 
incoming  pas  and  aerosol  to  a  velocity  sufficient  to  achieve  thorouph  mixmp. 

T'ne  pas-aerosol  becoes  laminar  immediately  after  leavinp  the  mixing  zone 
because  of  the  relatively  large  cross  sectional  area  of  the  cell  cavity,  ^his 
benavior  is  observed  by  employing  a  visible  tracer.  Hydrogen  chloride  gas  is 
introduced  through  one  orifice  and  ammonia  pas  through  the  other.  Moreover, 
tne  Reynolds  number  for  the  10-mm  and  20-mm  reaction  columns  are  calculated  to 
be  1 7Q  and  27F  respectively.  Foth  of  these  figures  are  well  in  the  range  for 
laminar  flow. 

The  reaction  columns  are  cyclindrieal  glass  tubes  of  various  lengths. 

For  short  reaction  ties,  10-mm  glass  tubes  witn  14/20  ground  glass  male 
fittings  at  eacn  end  are  used.  In  the  interest  of  avoiding  cumbersome 
lengths,  the  20-mm  glass  tubes  with  24/40  male  fittings  are  employed  at  long 
reaction  times. 

Also,  a  system  has  been  designed  to  monitor  and  control  the  reagent  gas 
concentration,  ^his  system  consists  of  a  micro-flowmeter  ranging  from  0.0  to 
15.0  ml  ^mm  and  a  micro-flow  valve  with  a  vernier  scale  to  ensure  reproducible 
flow  settings. 

The  separation  column  is  80mm  in  diameter  which  effectively  increases  the 
residence  time  of  the  gas-aerosol  mixture  to  increase  the  extraction  efficency 
of  amnonia  gas  from  the  aerosol  mixture.  Moreover,  the  intake  ends  and 
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exhaust  ends  are  tapered  at  45  degrees  to  prevent  sudden  changes  in  volume 
wn*eh  in  turn  eliminates  turbulence.  mne  overall  lengths  of  the  separation 
cavities  are  10  cm  witn  a  04/40  fpmale  fitting  at  the  intake  end  for  long 
reaction  times  and  a  M/?0  female  fitting  at  the  ^ntake  ond  for  short  reaction 
times.  Both  separation  columns  have  04/40  male  fittings  at  the  exhaust  end. 

At  the  exhaust  end  of  the  separation  column  As  a  04/40  ground  glass  male 
fitting.  A  glass  cap  is  placed  in  the  exhaust  end  of  the  separation  column 
wni.cn  reduces  to  1  M-ineh  teflon  tubing,  ^he  reason  for  a  nonhermetic 
separation  system  is  because  of  molecular  sieve  replacement  and  cleaning  ease, 
"ne  collection  device  is  a  47-mm  filter  holder.  A  47-mm  teflon  filter  with  a 
r-.c'—  m  pore  size  is  used  for  collecting  the  aerosol.  'Hie  teflon  filters  after 
collection  of  aerosol  are  treated  with  0.5  ml  of  ethanol  to  make  the  teflon 
wettable  for  aqueous  extraction.  The  filters  are  then  submerged  in  a  glass 
titration  beaker  containing  50  ml  of  water.  The  glass  titration  beaker  is 
tnen  subjected  to  ultrasound  to  facilitate  and  ensure  complete  extraction. 

Ton  chromatography  is  used  to  analyze  both  the  ammonium  ion  concentration 
and  sulfate  ion  concentration*  Ion  chroma tography  has  the  advantage  of 
determining  the  relative  ammonium  to  sulfate  ion  concentration.  Tt  turns  out 
that  this  feature  is  a  necessity,  on  account  of  the  lack  of  reproducibility  in 
the  sulfuric  acid  concentration.  The  lack  of  reproducibility  stems  from  the 
loss  of  sulfuric  acid  on  the  molecular  sieves.  A  calibration  curve  for  the 
sulfate  ion  is  very  linear  with  a  correlation  coefficient  of  0.9999^0.  On  the 
other  hand,  the  calibration  curve  for  the  ammonium  ion  is  nonlinear.  Since 
the  detector  in  the  Bionex  ion  chromatotron  is  a  conductivity  probe,  the 
nonlinear  behavior  is  expected  for  a  weak  electrolyte. 

Before  conducting  the  kinetic  reactions  an  ambient  flow  rate  of  ammonia 
is  determined.  A  value  of  0.2*5  ml/min  is  sufficient  for  the  gas-aerosol 
reaction  without  breaching  the  sieve  column.  Using  the  above  ammonia  flow 


21 


♦  -V 


I 


i 


t 


I 

/ 1 


i 


An  sor ,  fJ  p«.rr»»nt  of  :,no  i.'1  urn  sulfuric  acid  aerosol  has 

r 

reached  w*tn  a  ruts'.  w  .  f  ‘  n  r-jn  ‘  w.th  a  number  conc^n  tra  *.ion  <<r 

t  _  / 

4  . x  4  '  cm 

T'T:'mH  ]  pi  PM 

Wn**rs  examining  gas-a^rosoi  rrnf'Uonn  o.q  a  function  or  particle  s^ze  one 
..•5  *  n  'ypron  red ,  besides  the  in  knowing  the  particle  hj.p  and  the  size 

distribution,  ..e,t  monod ;  spe  rsx  ty  *  Also,  nowri  information  can  bp  gamed  from 

?*!p  :  *  rm  *  n  *  np  tne  sAze  distribution  before  and  after  a  reaction.  Fometim  it 

m  nerpsrarv  to  hpp  ir  thp  monod  mpe  r?:  ty  changes  an  a  function  of  timp.  ^o 
determine  razp  distribution,  techniques  like  monochroma tip  light  scattering 
are  employed  to  measure  the  polarization  ratio  anti  lmpactors  which  arc  timp 
cons  am  *  nf  and  laborious.  Tfn^ng  a  monochroma  tic  light  source  will  afford  the 
particle  size  put  only  g^ves  some  inriication  of  their  monod ispersi ty . 

Furtnermore,  many  parameters  must  be  determined  or  known  to  calculate  particle 

SaC.p,  4.e.t  wavelength  of  incident  light,  detection  angle  of  scattered  light, 
and  refractive  index  of  the  aerosol  component.  Tn  other  techniques,  such  as 
electron  microscopy,  preparatory  steps  must  be  taken  to  ensure  the  integrity 
of  tne  droplet  shape  on  the  slide.  The  above  techniques  will  not  yield 
instantaneous  or  "on  line”  data. 

By  employe*  a  computer  based  white  light  scattering  instrument  no 
previous  knowledge  of  the  aerosol  composition  is  required.  The  polychroma  tic 
light  source  eliminates  the  dependence  on  incident  light  wavelength  and 
detection  angle.  Add i tiona 1 ly ,  no  Hie  scattering  calculations  have  to  be 

performed  to  generate  scattering  pattern  graphs  for  comparison  with  Hie 
scattering  data. 

The  design  of  a  white  light  scattering  instrument  can  beat  be  described 

by  dividing  it  up  into  four  major  components:  optics,  electronics,  analog  to 
digital  convertor,  and  microprocessor. 
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"ru1  optical  system  consists  or  nn  optical  cavity,  tungsten  filament 
*amp^ ’*  vcl's,  °.1c"  amp  \  condenser  >nn,  fixed  nl*t  relay  >na,  light  trap 
parabolic  mirror,  focus  i^na,  and  pho tomul t ipl  Ler  tube  ("Flyura  lO.  "he  light 
*'rom  tne  tungsten  filament  lamp  panada  through  condens inp  lens  and  focused  on 
:  no  f^xed  slit,  wnich  defines  the  eross  section  of  trio  beam.  mhe  light  then 
passes  througn  the  relay  lena  and  the  ^mage  of  the  fixed  slit  is  focused  on 
tne  ax. a  of  the  flow  tube.  Tf  no  particles  are  present  all  of  the  light  from 
tne  ream  is  completely  absorbed  by  the  light  trap.  The  light  trap  ^s  placed 
at  sucn  a  distance  from  the  image  focal  point,  as  to  capture  all  of  the 
divergent  source  light  and  none  of  the  scattered  light.  Tn  the  presence  of 
aerosol  particles  some  of  the  incident  light  is  scattered  and  reflected  off 
the  parabolic  mirror  and  directed  towards  the  focus  lens.  At  the  focus  lens 
tne  scattered  light  converges  on  a  dmode  m  the  photomultiplier  tube,  ^he 
electrical  current  given  off  by  the  photomultiplier  tube  is  proportional  to 
tne  intensity  of  the  scattered  light. 

At  the  present  time  the  electronic  designs,  i.e.,  amplifying  and 
stabilizing  circuits,  have  not  been  completed.  However,  a  proposed  general 
circuit  system  has  been  laid  out  f Figure  12).  The  line  power  is  fed  to  a 
stepdovn  transformer  and  after  this  point  it  is  recified  to  P.f.  voltsge  and 
smoothed.  The  power  is  then  distributed  to  the  tungsten  filament  lamp 
amplifier,  and  high  voltage  supply.  To  prevent  voltage  fluctuations  there  are 
independent  voltage  regulators  supplying  the  tungsten  filament  lamp  and  the 
amplifier  board  along  with  the  high  power  supply  board.  The  photomultiplier 
tube  is  driven  by  the  high  power  supply.  The  high  power  supply  consist  of  a 
high  voltage  transformer  followed  by  a  high  voltage  P.^.  filter  and  regulator. 
Tne  signal  coming  off  the  photomultiplier  tube  is  amplified  and  passed  to  a 
pulse  heignt  discriminator  to  determine  if  the  signal  is  real.  Tf  the  signal 
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.  V  m  sent.  to  a  sample  «nd  hold  wn^rp  tho  peak  vol  Lp^p  18 
stored  -m nd  *n:»*r  i  rnn:i  f»»  r  red  to  tne  analog  to  digital  board.  mho  analog 

*s  men  c»inv'*rt,ed  to  a  1  signal  and  8  to  red  in  the  nur roprocesnor 

Tne  ana  jog  to  ^  /  P  ^  convertor  *.8  a  "ernmar  AP-1W  with  a  ^ata 

mran?iation  rTf  81  P  and  resides  m  8  C-IPC  Expansion  Bus  Figure  M'.  mhe 
Tecmsr  A  'V  board  configured  for  an  e^pht  rnannei  differential  convertor, 
plus  or  m^nus  If*  volts  input,  and  mpa  t  'ou  tpu  t  mapped.  Zero  volt  input 

and  volt  input  corresponds  to  PPOOH  and  O^FFH,  respectively.  Bimila ri ly , 

1°  volts  is  sectioned  mto  ?048  division  rougnly  five  millivolts  apart  with  IP 
Pit  accuracy  and  linearity.  ^he  Tecmar  A  ;P  board  is  capable  of  P B  KHz  data 
Lnrougnput  rate  with  an  absolute  full  scale  accuracy  of  plus  or  minus  the 
1 efl b t  significant  bit  M«?P^  or  percent. 

"he  rxidy  Sorcerer  computer  is  a  ZPO  based  microprocessor  containing  4RK 
of  memory  and  a  4MHz  clock  cycle.  "here  is  actually  only  ^PK  of  PAM  less  the 
CP/M  operating  system. ^  Peripherals  consist  of  an  Integral  Pats  Systems 
printer,  Amdex  CRT,  one  single  density  and  one  double  density  Micropolis  disk 
drive  (t f)  hard  sectored'). 

mne  printer  is  strapped  to  accept  parallel  data  and  the  CP/M  operating 
system  *8  modified  from  a  serial  list  driver  to  a  parallel  list  driver  making 
the  two  compatible.  Parallel  data  transmition  is  chosen  by  virtue  of  its  high 
data  sending  rate. 

Individual  picsal  addressing  for  high  resolution  graphs  is  not  possible 

with  the  Exidy  Sorcerer  computer.  Rather  the  CRT  is  accessed  in  RxB  picsal 

P4 

matrices  because  of  the  Fxidy's  screen  RAM  layout. 

In  the  following  section  the  development  of  a  software  control  system  is 
discussed.  Initially  both  the  data  acquisition  and  data  maipulation  progras 
are  written  in  Microsoft  BASIC  f Appendix  l).  As  somewhat  expected,  the  data 
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'"d*1  i n t a (,n  propram  turned  o  u t  to  be  *»y  trembly  s*ow,  about  two  second s  for 


•"ton  data  pOi.nt.  rn  tne  bases  ,;r  ntpn  speed  data  retrieval  tne  data 

ni, 

■i'’|iiiPitior  propram  ^s  rewritten  kr  assembly  w.  tn  “f  opcode' 

Append  *  x  !  I  ^ .  mn»-  data  '  .on  preprnm  bashes,  ly  itili?.ea  tne 

rr  i  >' ru  p  ror’esso  r  as  a  so  f  iwm  re  eontrol  #*>d  pulse  niph  d  ^.se  run i  na  to  r  t  sample  and 
n*-*d,  And  data  retr^eva^  system.  Hven  w_th  assembly  lanpuapet  the  a  hr jv^ 
pi'fiwnr*'  pa^knpo  proved  to  bo  to  tny.n.p  un  tne  time  domain  required  for  rupn 
speed  data  acquiSi tion.  '"ne  ma^n  problem  1  ies  *n  tho  sample  and  hold  portion 
of  tno  program  be^np  synchronous,  tho  time  sampl.rp  intervals  «pp  two  far 
apart  to  attain  accurate  peak  no; pms.  1  n  other  words,  tno  ti.m*  toi^ranpe  or 
prpr.aion  .3  unacceptable  m  comparison  w^th  tho  c  millivol  t  ^onvern^on  1  i m 1 1 
on  the  A /?  board.  "'o  ^nerense  tho  ra  to  of  data  retrieval  and  to  alleviate  tno 
t^mo  demands  on  tho  microprocessor ,  tno  sample  and  hold  and  pulse  neipht 
discriminator  aro  hardware  controlled.  mno  data  acquisition  propram  v.li 
eventually  be  chanped  to  an  interrupt  driven  subroutine  to  free  up  tne 
ituc  roproeessor  to  perform  tne  data  manipulation  propram  wren  no  immediate  data 
*s  present.  vor  reasons  of  lanpuape  flexibility,  witn  respect  to  interrupt 
routines,  the  interrupt  driven  data  acquisition  propram  is  written  witn  7.W 
opcode  ^AppendxX  TIT''. 

9.  roWCLHSTONr 

Initial  studies  nave  indicated  that  non-equilibrium  infrared  emission  ^s 
observed  from  tno  fl^O^H  aerosol  -  NH-*  vapor  roaction.  However,  duo  to 

tne  relatively  low  omission  levels  compared  with  ruph  levels  of  background 
emission,  tnese  results  need  to  bo  reexamined.  The  monodisperse  aerosol 
generator  should  be  useful  m  future  studies  where  monodisperse  niph  number 
density  aerosols  of  reactive  fluids  are  required.  The  flow  system  desipned 
for  the  investigation  of  the  kinetics  of  rapid  pas-aerosol  reactions  should  be 
adaptable  to  a  variety  of  systems,  but  requires  confirmatory  testing. 
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Figure  10.  Schematic  of  Gas-Aerosol-Reaction  System. 

(A)  Gaa-aerosol  Mixer  (B)  Reaction  columns  of  various  lengths 
(C)  Separation  Column  (D)  Separation  Reducer  Cap 
(E)  Polycarbonate  Filter  Holder 
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Figure  13.  Schematic  of  Skngie  Particle  White-Light  Scattering  Photometer 


Schematic  of  Analog  to  Digital  Convertor 
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10  PRINT  " ENTER  Y III  NUMBER  " 

20  INTl'T  FS 

JO  PN1NT  “ENTER  NUMBER  OR  F  ART  I  C  L  E  5  YOU  WANT  TO  COUNT." 

40  INPUT  N 

iu  PRINT  "ENTER  NUMBER  OF  CHANNEL  ON  A/D  CONVERTION  BOARD 
60  INPUT  Y 
/  U  LJ  U  I'  0  ,  Y 

80  DIM  H<N'.LCN),F<N),X<2048> 
i  u  \  v  H  I  =  I  TO  N 
l 0 0  OUT  1 . 0 
I  1  u  I  NT  <  l  ) 

12  0  IF  Sr  0  GOTO  3  1  0 
UU  HUNINPO) 

140  L  <  1  ) i 1 NP(  2 ) 

1  j  u  UI  XT  I 

16V  PRINT  *%”  i  article:,  have  been  COUNTED  " 

170  P  K 1  NT  “LATA  ACQUISITION  OVER  " 

180  PRINT  "I  0  YOU  V ANT  TO  S  L  E  THE  RAW  DATA’" 

1>1  P  K  I  NT  “YYl  i  1  FOR  NO  ,  2  FuK  Y  L  5  “ 

*.0  0  « IN  U T  L 

2  10  IP  DO  THEN  2  80 

i l 0  FR I  NT" COUNTS"  .“SIGNAL" 

230  FOR  1*1  TO  N 

240  LET  P<!)*HC!)*236+L<I> 

2  5  0  IF  P  (  !  )  >  2  0  4  6  THEN  P(  I  )»0 
260  PRINT  I . F ( I ) 

270  NEXT  I 

2»U  PRINT  "WOULD  YOU  LIKE  A  HARD  COPY  ’  " 

290  PRINT  “TYPE  1  TOR  NO.  2  FOR  YES  " 

JU0  1 J i F U T  M 

3  10  IF  M--  l  THEN  36  0 

j i u  L  PR  I  NT" COUNTS "  .  "SIGNAL" 

3  3  0  TOR  I  -  1  TO  N 
j  4  0  L PR  I  NT  I  .  P (  I  > 

JS0  NEXT  I 

j  6  U  P  K i NT  “DO  YOU  WANT  TO  SAVE  RAW  DATA  ’ " 

370  PRINT  "TYPE  1  TOR  NO.  2  FOR  YES  " 

jev  INPUT  K 

*90  IF  Kr.1  THEN  4  70 

4UV  LET  N  $  « “ DAT  A “ ♦ F  * 

4  I  0  OPEN  “0“  .  #  1  .NS 
42V  PK 1 N i  8  1  .  N 

4  JO  FOR  1*1  TO  U 
4  4V  P« 1  NTH  1  , P (  1  ) 
ou  NEXT  I 

uu  PRINT  "RAW  DATA  HAS  BEEN  SAVED  " 

470  PRINT  "WOULD  YOU  TO  PROCESS  DATA’" 

4t»U  PKINT  "TYFE  1  FOR  NO,  2  FOR  YES  " 

4  9  0  INPUT  B 

)O0  M*  B* 1  THEN  1390 
5 1 0  FOR  I  -  I  TO  N 
WU  A  *  P  <  I  ) 

JO  X  <  A  >  *  X  <  A  > ♦ 1 
>4U  NEXT  I 

PwU  p  i< I  NT  "WOULD  YOU  LIKE  TO  SEE  PROCESSED  DATA’" 

540  PRINT  "Tv  PE  1  TOR  NO,  2  TOR  YES  " 

5VU  INPUT  T 

5  8  0  IF  T-l  THEN  440 

PRINT  "SIGNAL", "8  OT  SIGNALS" 


i 


I 


■a 


it  x<  A)  -0  THEN  630 
PRINT  A  ,  X  <  A ) 

NEXT  A 

PRINT  "WOULD  YOU  LIKE  A  HARD  COPY’" 

PRINT  "TYPE  1  FOR  NO.  2  FOR  YES  M 
INPUT  V 

IF  V*1  THEN  730 

L  PR  I  NT  ‘'SIGNAL"  ,  "t  OF  SIGNALS" 

FOR  A ■ 0  TO  2048 
IF  X (  A )  *  0  THEN  7  2  0 
LPR I  NT  A , X  ( A ) 

NEXT  A 

FRINT  "WOULD  YOU  LIKE  TO  SAVE  PROCESSED  DATA’" 
PRINT  "TYPE  l  FOR  NO,  2  FOR  YES  " 

INPUT  U 

IF  U-l  THEN  820 
LET  TI«"PDATA%F< 

OPEN  "O"  .  *  2  . Tf 
FOR  A « 0  TO  2  0  4  8 
P  R I  NT  # 2  , A,  X< A) 

NEXT  A 

PRINT  "YOU  HAVE  A  MAX  OF  2048  CHANNELS  TO  PLOI 


PRINT  "YOU  HAVE  A  MAX  OF  2048  CHANNELS  TO  PLOT  " 

PRINT  "ENTER  STARTING  CHANNEL  NUMBER  " 

INPUT  C 

PRINT  "ENTER  FINAL  CHANNEL  NUMBER." 

INPUT  Z 

PRINT  "HOW  OFTEN  WOULD  LIKE  THE  CHANNEL  NUMBERS  LABELED’" 
PRINT  "ENTER  NUMBER  OF  SPACES  " 

INPUT  L 

PRINT"  NORMALIZED  NUMBER  OF  PARTICLES" 

PR  I  NT"  I - t - 1 - I - I - I - 1 - * - ! - 5 

FOR  A-C  TO  Z 
IF  A< 10  THEN  E-3 
Ik  A >-10  AND  A  <  1 0  0  THEN  E-2 
IF  A  )  •  1  0  0  AND  A  <  1  0  0  0  THEN  E-i 
IF  A  >  -  1  0  0  0  THEN  E • 0 
LET  Q-X (A)  /  N*  5  0 
U  T  G  ■  C  I  NT  (  O  )  -  1 
IF  A  /  L  >  I  NT ( A / L )  THEN  1050 
IF  C<-0  THEN  1030 
PRINT"  I"  SPC<G) 

GOTO  1090 
PRINT"  I" 

GOTO  1090 

IF  G  < ■ 0  THEN  1080 

PRINT  SPC  <  E ) A " - "  SPC(G)"*" 

GOTO  1090 
PRINT  SPC(E)A"-" 

NEXT  A 

PRINT  "DO  YOU  WANT  TO  RE PLOT  DATA*" 

PRINT  "TYPE  1  FOR  NO,  2  FOR  YES 
INPUT  X 

IF  X-i  THEN  1 150 
GOTO  820 

PRINT  "WOULD  YOU  LIKE  A  HARD  COPY  OF  THE  PLOT?" 

PRINT  "TYPE  l  FOR  NO,  2  FOR  YES  " 

INPUT  J 

IF  J-l  THEN  1390 

LPRINT"  NORMALIZED  NUMBER  OF  PARTICLES1* 

LPR  I  NT"  l - I - l - l - I - I - I - i - I - 


INPUT 

PRINT 


PRINT- 
PRINT" 
FOR  A-C 


FOR  YES 


HARD  COPY  OF  THE  PLOT?* 
FOR  YES  " 


NORMALIZED  NUMBER  OF  PARTICLES** 

I - t - J - I - I - J - I- 


i 


1Z10  FOR  A<=C  TO  z 

1  2  2  0  IF  A  <  1 0  THEN  E*3 

1Z30  IF  A  >  =  1  0  AND  A  (  1  0  0  THEN  F=2 

12  4  0  IF  A  >  =  1 0  0  AND  A<1000  THEN  E  -  l 

mil  1  r  A  >  =  1  0  0  0  THEN  E  =  0 

12  6  0  LET  0:X(A) /  M  *  5  0 
W  /U  LET  c  -  c :  NT  f  0  )  -  1 

1  2  80  IF  A/ L« INTI  A IL 1  THEN  1340 
IzvO  IF  C<=-0  THEN  1320 
1  300  L PR  I  NT"  I"  SPC<G)"»" 

13  10  GOTO  1380 

1  3  2  0  L  F  R  I  NT"  !•* 

13  3  0  GOTO  1 3  P  0 

1  3  40  IF  G  <  =0  THEN  13  70 

l.'ill  L PRINT  SPC<E)A"-"  SPC.(G)"‘" 

l 3  «  0  GOTO  1380 

iJ/U  L  PR  1  NT  SPC  <  F.  >  A"  -  " 

1  3  e  0  NEXT  A 

UVO  1'RINT  "V.OULD  YOU  LIKE  TO  COLLECT  JIOflF  DATA » 
1  400  PRINT  "TYPE  1  FOR  NO,  2  FOR  YES .  " 

1  4  J  0  INPUT  V 

1420  IF  W« 1  THEN  1450 

1430  ERASE  H . L , P , X 

1440  GOTO  10 

1430  END 


APT  END  IX  11 


EXIT  LOU  0 

START  LX  I  ?P,  9000M, START  STACK  AT  90  0  0 

MV  I  H.OOH  .  INITI  AL  I  Z  HIT  DAT  A  r  T  Oil  AO  f  COMTEK 

MV  1  L,(MH  .SETTING  NUMBER  or  RUN.:  TO  <i 

TUSH  III.  .STORE  TOTAL  NUN  U  Eli  ul  DATA  t  INTO  AT 

TOP  OP  MEMORY  fTATK 


MV  I 

X 

o 

o 

Ci 

.SETTING  HIGH  BYTE 

F  r  !v  l  ;■  A  Ij  r  a  r ;  l 

MV  I 

F  ,  0  1  H 

.  GETTING  Lr’V  BYTE 

r o h  l* p  a f 1  i: and 

R  E  A  D  1 

MV  r 

> 

o 

.READ  CHANNEL  C 

OUT 

0 

; SET  MUX 

OUT 

1 

;  START  C  ONVERS  ION 

LOOF  1 

I  u 

1 

, RF AP  STATUS 

HiiC 

UNO 

LOOF  1 

#  !  F  rosy.  V  A  IT  LOi: 

o  f.  n 

ir: 

0  3 

.  RV.M'  HIGH  f.  YTF 

IMF 

L* 

,  u..i  i  .  A  r  I  ; \  1  L»  H  r  Y  V  r. 

a  i  TH  i  <  L  A  i/  l*  A  N  f) 

JC 

HE  AO  * 

,  i  r  value  * u  l  ov z k 

TH/.N  HIGH  ?YTE 

REAP  C  It  ANN  EL  0 


JZ  COMP!  ,IF  VALUE  IS  0  THEN  COMPARE  LOW  iiYTE 

MOV  E , A  .STORE  VALUE  IN  REGISTER  E 

IN  2  .READ  LOW  IiYTE 

MOV  C  .  A  .STORE  VALUE  III  REMITTER  C 

jkp  Hr  ad:  .jump  to  head  channel  c 

COMF1  IN  2  .READ  LOW  C  V  T  E 

CMP  L'  .COMPARE  LOW  BYTE  WITH  PEAL  IWM 

jc  real*:  .  jump  T' ■  tlm  '.hanme:. 

MOV  C  .  A  ,  STOKE  V  A i  ; :  E  Hi  AEG  I  .  I.  J.  C 

RLAP2  MV  I  A , 0  ; R P  AD  CHANNEL  0 

OUT  0 

OUT  1  . START  CONVERSION 

LOOP  2  IN  1  ; R  E  AD  STATUS 

RRC 

jnc  loop:  ,ir  busy  wait  longer 

IN  3  .READ  HIGH  BYTE 

CMP  D  .COMPARE  WITH  HIGH  BYTE  OT  LEAD  BAND 

JNZ  LEAVE  .IT  NON-ZERO  JUMP  TO  COMPARE  V  I  I  >i  VALUE 

ALREADY  EXISTING 

CMP  B  iCOMPARE  WITH  VALUE  ALREADY  EXISTING 

JZ  COMP  2  ,  1  E  ZERO  JUMP  TO  READ  LG'.'  BYTE 

IN  2  ;  READ  LOW  BYTE 

CMP  E  iCOMPARE  VALUE  WITH  DEAD  BAND 

JC  SAVE  .NEW  VALUE  MUST  BE  LOWER  THAN  LEAD  CANO 

SO  JUMP  TO  THE  SAVE  ROUTINE 


JMP 

read: 

.JUMP  TO  READ  CHANNEL  0 

LEAVE 

CMP 

b 

.COMPARE  VALUE  WITH  REGISTER  B 

JC 

READ2 

.IT  VALUE  IS  LESS  THAN  EXISTING  VAIUE 

JUMP  TO 

READ 

CHANNEL  0 

MOV 

F  .  A 

.STORE  VALUE  IN  RECISTER  B 

IN 

2 

.READ  LOW  LYTE 

CMP 

C 

.  COMPARE  V  A  I  ''  i.  WITH  PEG  I  STEP  *’ 

JC  KEAU2  .IP  VALUE  I.,  LESS  THAN  EXISTING  VALUL 


THEN  JUMP  TO  READ  CHANNEL  0 


JMP 

RE  ADZ 

COMP2 

IN 

2 

CMP 

E 

JC 

SAVE 

ROUTINE 

CMP 

C 

COMFAKE 

WITH 

REG  I  ST ER 

JC 

R  E  A  D  2 

TO  READ 

CHAN 

Utl  0 

MOV 

C  .  A 

JMP 

READ2 

SAVE 

PUSH 

BC 

STACK 

MV  I 

B  .  00H 

RUN 

mv  r 

C  ,  0  OH 

RUN 

1  NR 

H 

iSTORE  VALUE  IN  REGISTER  C 

;  JUMP  TO  READ  CHANNEL  0 

iREAD  LOW  BYTE 

; COMPARE  VALUE  TO  DEAD  BAND 

;  I r  LESS  THAN  DEAD  BAND  JUMP  TO  SAVE 

, I F  VALUE  WAS  GREATER  THAN  DEAD  BAND 

.IF  LESS  THAN  EXISTING  VALUE,  THEN  JUMP 

.STORE  LARGER  VALUE  IN  REGISTER  C 
; JUMP  TO  READ  CHANNEL  0 

.MOVE  MAX  VALUE  TO  THE  TOP  OF  MEMORY 
; CLEAR  REGISTER  R  FOR  NEW  VALUE  IN  NEXT 
CLEAR  REGISTER  C  FOR  NEW  VALUE  IN  NEXT 
; INCREMENT  VALUE  IN  REGISTER  H  TO 


INDICATE  ANOTHER  PASS 

MOV  A.H  iMOVE  VALUE  IN  H  REGISTER  TO  COMPARE 

CMP  L  ; COMPARE  VALUE  WITH  L  R EC i 51  Eh  WHICH 

CONTAINS  THE  NUMBER  PASSES  TO  BE  RAN 

JNZ  READ  1  ;  I F  VALUE  DOESN'T  EQUAL  THE  NUMBER  OF 

PASSES  TO  BE  EXECUTED  JUMP  TO  THE  BEGINNING  OF  THE  PROGRAM  AND 
READ  CHANNEL  0 

JMP  EXIT  EXIT  TO  CFM  SYSTEM 


APPEND!  X  III 


rx  it 

LOOP  1 


LOOP2 


« 


EQU 

0 

LD 

DE  .  08  0  OH 

IN 

A  ,  <  0  1  H  ) 

RRA 

KKA 

JP 

NC  , LOOP  1 

LD 

A .  <  00H ) 

OUT 

(  0  0  N  )  .A 

OUT 

<  0  1  H  )  .A 

IN 

A  ,  C  0  1  H  ) 

RRA 

JP 

NC  , L  00  P  2 

IN 

A ,  (  0  3H ) 

LD 

H  .  A 

IN 

A  ,  <  0  2H ) 

LD 

L  .  A 

I  MC 

(  H  l * 

I  NC 

PC 

LD 

A  .  B 

CP 

D 

JP 

NZ  .  LOOP  1 

LD 

A  ,  C 

CP 

E 

JP 

NZ  .  L  0 OP : 

DUS 

0?fFH.0GH 

JP 

EXIT 

U8 


